NASA TECHNICAL TRANSLATION NASA TT F-16349

ANALYSIS OF TERRAIN CONDITIONS IN THE LANDING SITE OF THE
MARS-6 AUTOMATIC INTERPLANETARY STATION

R.B.Zezin, V. P. Karyagin, I.P. Mamoshina,
N.A. Morozov, V.M. Pavlova, M.K. Rozhdestvenskiy,
V.G.Fokin

(NASA“TT-F-163Q9)- ANALYSIé OF TERRAIN

ESNDITIONS IN THE LANDING SITE OF THE MARS-6 N7om23bus
LTOHATIC I@TERPLANETARY STATION (Kanner .
?( ©€0) Associates) 15 p HC $3.25 CSCL 22a Unclas

— Sl . G3/91. 21701

Translation of "Analiz rel'yefnykh usloviy v rayone posadki 84
AMS: "Mars-6," Kosmicheskiye-issledovaniya, Vol. 13, No. 1,..

Jénwary-February, 1975.p. 99-107

‘NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
WASHINGTON, DiC. 20546 MAY 1975



STANUARD TITLE PAGE

1. Repoit No. 2. Government Accession No. 3. Recipient’s Ca!alog MNo.
| NASA TT F-16,349
4. Titte and Subtitte ANALYSTS OF TERRAIN CONDI- 5. Report Date

TIONS IN THE LANDING SITE OF THE MARS-6 May 1975
AUTCMATIC INTERFLANETARY STATION 6. Performing Orgonization Code

7. Authorls) R.B. ZeZin’ V.P. Karyagin, I.P. 8. Performing Organization Raport No,
Mamoshina, N.A. Morozov, V.M. Pavlova,

M.K. Rozhdestvenskiy, V.G. Fokin 10. Work Unit No.

— e ‘ 11. Contract or Grant No. -
9. Performing Orgomization Name and Address NASW—ZL}B].

Leo Kanner Associates 13. Type of Report and Peried Caverad

Redwood City, CA 94063

Translation
|2 Sponsoring Agency Name and Address
NATIONAL AERONAUTICS AND SPACE ADMINT-— |14, spensering Agency Cada
STRATION, WASHINGTON, D.C. 20546

15. Supplementary Notes

—

Translation of "Analiz rel'yefnykh usloviy v rayone posadki
84 AMS "Mars-6," Kosmichesklye issledovaniya, Vol. 13, No.l,
January-February, 1975, p. 9%-107.

_= |

o At On 12 Mareh 1070 the descent module {(DM}iof¥the-Mars-§
automatic interplanetary staticn reached the surface of Mars

T in the designated landing site. The descent of DM -- frem
atmospheric entry and aercdynamic braking to parachute-
assisted descent inclusively -- followed the program. During

the parachute descent, lasting approximately 150 sec,
direct measurements of the parameters of the Martian atmos-
phere were made the first time. Based on all available
infermaticon on the landing site, a detalled analysls was
madencf the terrain of the DM landing site.

17. Key Words (Selected by Author(s)} 18, Distribution Statement

Unelassified-Unlimited

I

b

19. Security Jlassif, {of this report} 20. Security Classif. (of this page) 1. No. of Pages 22. Price

Unelassified Unclassified 15

NASA.HQ



ANALYSIS OF TERRAIN CONDITIONS IN THE LANDING SITE OF THE
MARS-6 AUTOMATIC INTERPLANETARY STATION

R.B. Zezin, V.P, Karyagin, I.P. Mamoshina, N.A. Morozov, V.M.
: Pavlova, M.K. Rozhdestvenskly, V.G. Fokin

On 12 March 1974 the descent module (DM) of the Mars-6 /99%
Automatic Interplanetary Station (AIS) reached the surface of
Mars in the designated landing site. The descent of the DM —-
from atmespheric entry and aerodynamic braking to parachute-
assistedadescent inclusively —- followed the program. During
the parachute descent, lasting = 150 sec, direct measurements
of the parameters of the Martian-atmosphere were made the first
time. Based on all available information on the landing site,
a detailed analyslis was made of the terrain of the DMIlanding
site,

General Characteristics of the Landing Site

The landing site of the Mars-6 DM was selected inunaccordance
with the scientific missions of the flight, with technical
regquirements:in the ballistics and aersdynamics of deseent in’
fhe Martian atmosphere, and with the capabilities of DM control.

Baséd on the study of the materials of the most recent ground
measurements, data of the Mars-2, Mars-3 and Mariner-6, Mariner-7
and Mariner-9 spacecraft in the lowland region of Mare Erythraeum
located 1n the scuthern hemisphere of Mars, the Mars-6 DM landing
site with coordinatesof the sighting point ¢ = -24°, A=25° (Fig. 1)
was selected.

From the data of processing trajectory measurements, the
landing of the DM occurred i1n the designated area of dispersion
with nominal point coordinates ¢ = -23°54', A = 19°25"' (with

* Numbers in the margin indicate pagination in the foreign text.



nominal entry angle 6L, = 12.11°). The area of scatter of

the landing point coordinates was approximately * 6° along the
track, and + 0.1° across the track, with a 30 probability, and
was situated entirely in the calculated area of dispersion for
which a detailed analysis was made of the physical conditions of
landing. . W

Atmospheric Pressure at the Surface

The total atmospheric pressure at the mean surface level in
the equatorial zone of Mars from data measurements obtained with
the IR-. {iinfraréd] spectrometer of the Mariner-6 and Mariner—7
spacecraft was Py = 5.3%+ 0.3 mbar [1]. PFrom the data of
ultraviolet, infrared and radio-occultation experiments on board
the Mariner-9, the mean pressure 1in the equatorial belt of
latitudes (+30°) was 4.8 mbar for the equatorial radius 3396.8 km
[2].

It can be expected that the total pressure at the mean surface
level undergeoes seasonal fluctuations with a 20-30% amplitude
[3], which are assoédated with changésuimithe mass of solid
carbon diloxide condensed in the pelar caps, that is, the pressure
throughoutithe year evidently fluctuates within the limits
5 + 1 mbar. The landing time was close to the autumnal equinox. /100
Therefore themmean new-surface pressure was assumed to be 5 mbar.

On a 1:5,000,000 map of Mare Erythraeum (Fig. 1), with
a resolution of surface terrain elements of 1-2 km, the 6.1 mbar
pressure level was taken as the zero level. From this figure we
can see that the calculated area of scattering is at the elevation
contour lines 1-3 km with respect to this level. Theré&fore, the
pressure drop in thls area was = 0.9 mbar (from 5.6 to 4.7 mbar),
with ammean pressure of 5.5 mbar. In the actual landing site
the pressure drop and the mean pressure were approximately
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Fig. 1. Map of Mare Erythraeum, 1:5,000,000 scale
Cross. Sighting point; Asterisk. Landing site

the same. In both cases the area with near-surface pressure less
than 5 mbar represented = 2% of the area of the calculated scatter
of the landing point and the actual area of the scatter of the
landing point.

Terrain of Landing Area

The landing area of the Mars-6 DM was situated in the central
part of an extensive lowland region of Mare Erythraeum, in turn
this being part of the global zone of depression extending in
the meridional direction for thousands of kilometers. This zone
in the northern hemisphere of Mars includes the following
depressions: Mare Acidalium, Chryse Region, and Niliacus Lacus;
in the southern hemisphere: Zhemchuzhnyy Zaliv, Pyrrhae Rego,

Eos Mare Erythraeum, and Argyre I.

Northwest of the calculated landing site, at a distance of
several hundred kilometers is situated the gigantic graben-like
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H.P. Direction of approach and nominal landing

Ll

ad

)
J

site

T0T/



rift system Coprates [canyonl, wlth whose tettonic activity most
probably the elemehts of the complex chaotiec terrain in this

area are associated. From analysis of a 1:1,000,000 photomap
obtained by Mariner-9 (Fig. 2), a geologo-ummorphodogical chart

of the landing site of the Mars-6 DM was prepared (Fig. 3). From /103
this chart it follows that in the calculated landing site
predominantely two morphological types of terrain are developed:
crater and chaotic.

Cratered terrain type. In the landing site &6f the Mars~b6

DM studied, the cratered terrain type occupled most of the area
(=~ 75%). The nature of the distribution of craters as well as
their morphological features in general outline are similar to
the cratered terrain of the lunar surface. Morphologically, the
craters of the landing site are subdivided into four main types,
listed in order of frequency: 1) flat-bottomed: 2) bowl-shaped;
3) concentric, and U4) craters with a central hummock. In plan
form, several craters have irregular, rounded conbtours; not
infrequently craters of polygonal shape are encountered. Most
of the craters with diameters greater than 30-4%0 km are of the
flat-bottomed type. With decrease in diameter the number of
bowl-shapeddicraters increases.

In the landing site craters more than 1 km in diameter in
all morphological types can be distinctly distinguished by
degree of morphological definition in the terrain. They form
a continuous fdiorphological series of craters of various degrees
of preservation, reflecting the evolution of Jjuvenile forms to
the more ancient forms, wnich from analogy with the lunar surface
[47 were conditionally subdivided into three main morphological
classes: A, B and C,

Class A includes craters with well-defined swell, distinct
erater brow [lip] and with maximum relative depth. Among the
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craters of this c¢lass are encountered the steepest glopes, more
than 20-30°. The number of Class A craters does not exceed 2-3%
of the total number of craters. In the area of the calculated
landing site there were seven Class A craters: 5 with dlameter

D = 1-5 km, one with D = 8 km, and Alga craterl —- with D = 22 km.
On analogy with the moon, external zones of ejection of clastic
material extending to 4-5 Rop [er = crater] from crater rim can
~ be assoclated with Class A craters. The high density of large
clastic materialuwithin Class & craters, along the swell and

in the new-crater zone can present an additional hazard in

DM landing.

Class B craters have more rounded forms, weakly defined swell,
indistinet rim, and relative depth (D/H) usually greater than 10.
Craters in thils class are the most widespread in the landing site.
The number of Class B craters increases from 50~70% with increase
in diameter. Intluded among Class B craters in the calculated
landing site is the largest crater, Mar-Ke —- with D = ©L00kkm,
as well as the craters Mar-Ke with D ='60 km, Kf with D = 45 km,
Mf with D = 30 km, Bohr with D = 28 km and others (see Fig. 2).

Class C craters are represented by flat-bottomed depressions
with &tntensély roundeéd forms, flattened rim, and the crater:
swell 1s absent or poorly discernable in the photographs. Crafters
in thils class are encountered most often among craters with
D <<30-40 km, however in the landing site there were two very
large craters of Class € -- Mar=Qe with D = 90 km and Mar-Qf
with D = 55 km, which was situated = 60 km west of the sighting
point. |

In general outline, the frequencies of craters in

1 In the article we useuthe preliminary names and nomenclature

shown in NASA maps.



morphological CGlasses A, B and C for the landing site relate

as 1:20: 10. Fig. 4 shows the integrated distribution density

of craters in the landing site NﬁD as a function of a diaméter
for craters in different classes (the logarithmic scale). For
comparison, included in the figure are the curves of crater
distribution density 1n the lunar highlands (the area of
Tsidlkovskiy Crater) and in the Sinus Medii (Mariner-6 data [5]).
From these distributionccurves it follows that crater density /104
in the area studied is very close to the crater density in the
lunar highlands.and approximately five times greater than in

the .Sinus Medil,, which lies more closely to the Coprates

system and 1s characterized by the predominance of chaoticée
terrain. It is of interest to note the @rifiection In the

plot of the function N,, (D), which just as for the lunar high-
lands, cccurs at the diameter interval 40-50 km. This possibly
reflects the common features of crater formation on Mars and on
the Meoon in the early stage of evolution of the solar system.

Chaotic terrain type. This morphological terraln type

includes sections of the surface with brdad development of
chaotically arranged, form-wlse irregular depressions and upheavals
up to 50 km in length and from 3-30 km in width, as well as

linear depressions -- grooves and silnuous valleys extending

several hundred killometers In length. However, three predominant
directions can be dlscerned in the chaotic arrangement of these
morphological structurés: 1) near-meridional; 2) northeasterly

(2 30° from north); and 3) near-~latitudinal.

The distributilion of craters in the sectdon with chaotic
terrain 1ls characterized by a density which on the average is an
order of magnitude &&ss than for the crafer type of the locale.
Craters with diameters to 30 km areiinéluded mainly in morphb-
logical Classes A and B; larger craters in Classes B and C have
irregular contours and offen disclose features of fTectonic

regtructuring.
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with a diameter = 400 km.

The distribution of slopes
in the chaotic terrain locale
is close to the distribution of
slopes in the lunar highlandsu
For example, the area occupied
by slopes greater than 15°
for a base of several meters
is about 20%, which is about
4-5 times greater than the
area occupied by the analogous
slopes in the sections of
surface with cratered terrain.

Within the landing site
three main surface sections
with chaotic terrain type
were distinguished.

The first (western) sectian
embraces an extensive territory
toward the west and northwest
of the calculated landing
region and extends further toward
the northwest up to rift
Coprates [canyon] system.
This section lies between
two gigantic depressions: toward
the:nsouth -~ Holden crater with
D = 150 km, and toward the

north, Erythraeum kettle hole

These depréessionénare connected with

each other by a system of sinuousivalleys, whilch came to be called

the AXandon Valileys.

This system, composed of four main valleys,

was taken as the origin for the relatively elevated rimming of



the Holden depression and merges into a single mouth, entering
the Erythrasum kettle hole. Sectlons of the valleys transecting
the calculated landing area are from 1-2 km in width (in the
upper regions) to 10-30 km (in the lower regions). They have
U- and V-shaped transverse profiles withirelatively steep slopes.

I

In several cases there are grounds tocsassume that the:steepneésiigi

of the valley slopes can exceed 15-20°. Besides the sinuous
valleys, typical elements of chaotic terrain are widely developed
within this section: depressions of irregular shape and individual
hills of isometric contours. Sometimes dark patehes can be seen
in the depressions, which probably are accumulations of alluvial /106
sandy material, since in several large-scale Mafiner~9 photographs,
these formations were resolved into characteristic eclian forms
of dune and barchan types. Within the western part of the
calculated landing area the depressions with dark patches are
infrequently seen, however, here there are several rounded hills
with diameters 1-20 km.

The second (central) section with chaotic terrain of the locale
transeetts the central part of the cal¢ulated landing area in the
northeastern direction. This section, in contrast to the western
section, 1is charactefized py The accumulation of extensive rounded
depressions 10-30 km in size, with numerous dark patches of
irregular configuration. As noted above, these patches are
probably alluvial sand and dust deposits. These depressions,
Judging from the morphological definition 1n the terrain, can
be identified as ancient, intenseldyvbroken down cratered
structures buried by drafts. Within the calculated landing area
the accunulations of alluvial materizl in the form of dunes and
barchans evidently occur in the crater Mf (Class B) with D = 30 km

and two depressions ¢ 30 km in size.

10



Fig. 5. Fragment of map of landing site of DM of
Mars-6 AIS, 1:250,000 scale (area of Samara Valley)

1. Entry corridor and landing site.
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Fig. 6. Profile of terrain

&f landing &&te of DM of
Mars=6 AIS from data of the
analysis of radioaltimeter
readings and the calculated
descent’ trajectories.

1. Readings of radicaltimeter
during descent of the DM;

2, 3, 4. (Upper). Calculated
ballistie descent trajectories
for entry angles 8 = 12+1.5°
and given parachute drag

Cx = 1.05.

2,3,4. (Lower). Reconstruction
of prefile of terrain corres-
ponding to the calculated
descent trajectory and the
radicaltiméter readings.

Key: A. H, knm
B. 140, t, sec

The third (eastern)
section with chaotic terrain
type embraces the zone of
development of linear formatlons
of the groove and sinuous
valleyutypes, which in contrast
to . Landon Valley, show in
the plan form a more complex
meandering figure and a
multitude of discontinuous
Within this area

three main valleys can be

ftributaries.

distinguished, with nearly
meridicnal direction: Samara
Valley, Sinus Valley and

Klota Valley. All three valleys
extend into a crater-like
depression (Class C) with

a 120 km diameter, weakly

The

southern part of this depression

defined in the terrain.

can be readily distinguished
due to the accumulation of
dark, probably, sand-dust
material. There are a number
of morphological features
permitting the assumption that
these valleys form a single
main system transecting the

disintegrated crater indicated.

The flattened contours of the valleys within the chater are

probably accounted for by erosion of very loose material filling

the crater bottom.

section 1s occupied by Samara Valley.
within the calculated scatter of the landing

12

The central area in the valley system in this

Most of this valley liésws

site. The extent
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ofaitheiu valley is = 300 km, and its width 1s 1-12 km. The
trend of the valley is predominantly northerly and northeasterl
Morphologically, Samara Valley has much in common with typical
terrestrial river valleys. As follows from the large~scale
photomap M = 1:250,000 (Fig. 5),in plan form the wvalley shows

a well-defined meandering character wilith a system of alternatin
geniculate bends. The sources, situated in the relatively
elevated southerly section, are represented by & system of
narrow (0.5~1.5 km) branching valleys,,combining into a single
channel. In the actual landing site,((Fig. 2 and 5) only the
sublatitudinal geniculate bend of thewvalley 1s included,

caused probably by its transecting with a Class B crater, = 15
60

12

in diameter. The extent of fhis section of the valley is
while its width is 3-6 km. Further toward the west, in
transecting an anclent crater kettle hole, the ¥alley broadens
to 10-12 km, but along thls section it can be discerned only
with difficulty in the 1:13000,000 photomap (Fig. 2). The
transverse profile of the valley withifnthe landing sife 1s
V-shaped in form wlth a gentle terrace-like scarp in its upper
part, whose presence Indicates the several stages of valley
formation.

Evaluation of the probabkility of the DM ilanding in differen

y-

123

£107

km
km,

t

geologo~ morphological sectionssof the landing site terrain,

Analysis of the DM descent trajectories made it possible to
revigse the actual area of landing point scatter and the earlier
obtained estimate 0ff the probability of landing in sections wit
various gecologo<morphological situwations. TFor example, the
probability of hitting the surface with the cratered terrain ty
is = 50%, and hitting the surface with chacotic ferrain type ~--
= 50%. The probability of arriving in the largest cratered
structures of the scatter area are as follows: 3% -- in the
Mf crater with D = 30 km, 1.5% in Dingo-B crater with D = 5 km,

h

pbe
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7% -- in a crater withucenter coordinates ¢ = -24°, X = 18.9°
(D = 15 km), and in Dingo-A crater with D = 20 km -- 4%,

Analysis of the radiocaltimeter readings along the section of
the parachute-assisted descent and a comparison of the resulting
time dependence of change in altitude with the calculated
ballistlie descent trajectories made it possible to reconstruct
the general nature of the terrain profile along the parachute-
assisted sectlon down to the landing point extending = 3 km
(Fig. 6). Reconstruction of the terrain profile along the DM
descent section suggests that the descent and landing of the
DM of the Mars-6 AIS occurred in the wicinity of Samara Valley.

14
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